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Objective: We developed a rapid polymerase chain reaction (PCR) method, which utilizes primers from an entero- 
bacterial repetitive consensus sequence, to  differentiate among strains of Burkholderia cepacia. We then applied this 
method to  isolates from a device-associated pseudoinfection and also compared the discriminative typing potential with 
that of another PCR-based method. 
Methods: A simplified lysis procedure was used to  generate DNA substrate for amplification by a PCR method which 
utilized primer ERIC2 and a reverse complement of ERICIR. The alternative PCR-based method employed primers 
which are directed t o  Bordetelfa pertussis repetitive sequences. Amplification products were visually assessed after 
conventional agarose gel electrophoresis and staining. 
Results: The ERIC-based method appropriately clustered strains for the device-associated pseudo-infection. In addition, 
there was consistency in  the definition of similar or dissimilar strains between the two PCR-based systems. 
Conclusions: The ERIC-based PCR typing method offers sufficient discriminatory power for it t o  be used for epidemio- 
logic purposes. 
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Burkholderia (Pseudomonas) cepacia is an uncommon 
human pathogen and is also recognized as an environ- 
mental bacterium [l]. Given its potential ubiquity, it is 
not surprising to see that the bacterium is associated 
with infections where an environmental source is 
postulated. Indeed, pseudo-outbreaks which are related 
to environmental contamination have been detailed 
[2-51. The association of B. cepacia with pulmonary 
deterioration in patients who suffer from cystic fibrosis 
and the reported evidence of person-to-person 
transmission have served to stimulate interest for this 
potential pathogen [6,7]. 
Whether for the purposes of examining the 
epidemiology of infections related to environmental 
acquisition or for the determination of homology 
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among strains from patients with cystic fibrosis, there is 
interest in the development of fingerprinting methods. 
We have previously detailed the development and 
application of one such typing method which is based 
upon the polymerase chain reaction (PCK) and which 
utilizes insertional sequence primers which are other- 
wise intended for use in the rapid detection of Bordetella 
pertussis [5,8]. Herein we report the definition of 
another rapid typing method which uses PCK 
technology and we compare this procedure to our 
other method. 
MATERIALS AND METHODS 
Strains 
B. cepacia strains were obtained as clinical isolates from 
patient sources and from a device-related pseudo- 
infection 151. The latter source has served to yield a 
set of strains for which there is precise epidemiologic 
data. This data defined commonality or dissimilarity 
among six strains from cerebrospinal fluid, bone 
marrow, a cutaneous injection device, and decon- 
tamination solution and containers [5]. 
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Amplification template 
Isolates of B. cepacia were prepared by a similar method 
for the two PCK procedures. After the bacterium had 
been cultivated on solid medium for 18 h, suspensions 
were created with a phosphate-buffered saline (pH 7.2) 
to match a turbidity standard of approximately 5 x 1 O8 
colony-forming units/mL. A 1: 10 dilution was then 
established prior to the addition of proteinase K 
(2 pL/100 pL bacterial suspension [proteinase K stock 
0.2 mg/mL water]) and 1 M Tris (pH 7.6; 2 pL/100 
pL). The composite suspension was incubated for 1 h 
at 37°C and then boiled for 30 min. Formal DNA 
extractions were not required. 
Bordetella pertussis insertional sequence primer-based PCR 
The amplification procedure was based upon the 
original publication of Glare et al. [8], who detailed a 
rapid PCR-based diagnostic procedure for Bordetella 
pertussis infection. Using a modification of the original 
Glare et al. protocol, we have previously demonstrated 
the ability to use the same primer set for the generation 
of multiple amplification products, the pattern of 
which may be strain specific as we previously described 
[5]. The PCK process was performed as previously 
detailed but with the following modifications: (a) 3 U 
of Taq polymerase (Perkin-Elmer Cetus, Nonvalk, 
CT) were used in each 100 pL. reaction mixture 
equivalent; (b) 1% of the reaction mixture volume was 
dimethylsulfoxide (DMSO); and (c) thermocycling was 
extended to 40 cycles. P C R  products were examined 
by ethidium bromide staining after agarose gel electro- 
phoresis. 
Enterobacterial intergenic consensus sequence PCR 
This method is based upon the presence of repetitive 
intergenic DNA sequences among eubacteria. Versalovic 
et al. have previously defined several amplification 
primers which are of potential value for the finger- 
printing of varied enterobacteriaceae [9]. Primers used 
in this study were ERIC2 (5'-3' AAGTAAGTGAC- 
TGGGGTGAGCG) and the reverse complement of 
GTG). Reaction mixtures (100 pL) included 10 pL of 
x 10 kit buffer (Perkin-Elmer Cetus), 3 U of Taq 
polymerase, 1 pM concentrations of each primer, 200 
mM each dNTf: 20 pL of processed bacterial 
suspension, and 1 pL of DMSO. Thermocycling was 
prolonged for 44 cycles and included an initial four 
cycles with denaturation, annealing, and elongation 
temperatures of 94 "C, 26"C, and 72"C, and a sub- 
sequent 40 cycles with temperatures of 94"C, 40"C, 
and 72 "C respectively. Amplification products were 
also assessed by ethidium bromide staining after agarose 
gel electrophoresis. 
ERIC1 K (5'-3' TACATTCGAGGACCCCTAA- 
RESULTS 
Enterobacterial intergenic consensus sequence P C R  of 
B. cepacia template yielded products of 50 to 2000 bp. 
Run-to-run reproducibility was achieved and some 
variation occurred with faintly staining products. Only 
one isolate of B. cepacia did not yield amplification 
product. Interestingly, this same isolate did not yield 
amplification products by the B. pertussis insertional 
sequence primer-based method. In contrast to our 
previous work, in which some strains from patients 
who suffered from cystic fibrosis did not yield ampli- 
fication products [5], the modification of the same 
PCR protocol with the addition of DMSO and more 
DNA polymerase led to the appearance of amplifi- 
cation products. 
Similar fingerprints were obtained for strains from 
the device-related pseudoinfection which were deemed 
to be homologous on epidemiologic grounds (Figure 
1). When both methods were applied to 13 isolates 
from 13 individual patients, there was concordance for 
unique or clustered strains except in one circumstance 
(Table 1). Figure 2 illustrates representative samples as 
assessed by the enterobacterial intergenic concensus 
sequence PCR. 
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Figure 1 Enterobacterial intergenic consensus sequence 
PCR products from B. cepacia strains of the device-related 
pseudoinfection. Lanes 1 and 8: 100-bp stepwise ladder 
(Gibco BRL, Gaithersburg, USA). Lanes 2, 3,  and 4: 
profiles from epidemiologically linked B. cepacia isolates of 
blood, cerebrospinal fluid and injector device. Lanes 5, 6 
and 7: epidemiologically unlinked strains. 
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Table 1 Comparison of provisional types as actcssed by 
two PCR-bascd methods 
Strain code Hp-PCR type.‘ EKIC-PCR~ 
UA i 2 
1V 4 
3 L>V 111 
IIE vi 6 
FS vii 7 
LP 111 3 
MS iv 4 
MR viii 8 
RC iv 4 
WJ iii 3 
WN 1x 9 
HS i 2 
~‘ 1313-I’CR = Bordetella pcmssis insertional sequence-based PCR. 
I’ ERIC-PCK= enterobacterial intergeiiic consensus sequence- 
based PCR. 
... CJ 
UJ V 5 
. .  
DISCUSSION 
The method detailed herein for differentiating 3. cepacia 
strains is rapid and reproducible; this method and our 
previously detailed technique [S] can be performed 
without the need for DNA extraction and can be 
completed within a working day. The method detailed 
herein is further appealing in that the primers and 
thermocycling conditions can be applied to the 
epidemiologic typing of coliforms and varied other 
Gram-negative non-enteric pseudomonads (N. Cimolai, 
unpublished data). The methods for either PCR-based 
technique facilitate the processing of many isolates over 
a short period of time. Clearly, this approach is con- 
siderably less demanding than conventional ribotyping, 
serotyping, phage typing, pulsed-field gel electro- 
phoresis, and inultilocus enzyme electrophoresis. 
The ability of both methods to cluster common 
isolates is reassuring with regard to a reasonable degree 
of discrimination being achieved. Such agreement was 
evident for both varied clinical isolates and for the 
isolates which were acquired from the pseudoinfection. 
In practice, it is conceivable that one method might 
be utilized to confirm the other, confirmation being 
possible within a short period of time and with the use 
of identical bacterial substrate preparations. 
Applications of antibiograms, biotyping, plasmid 
profiling, bacteriocin susceptibility, seroloL7, AP- 
PCR, ribotyping, pulsed-field gel electrophoresis, and 
niultilocus enzyme electrophoresis to the typing of 
R. cepacia have been recently compared [lo-151. In 
applying any such technique, however, it is critical tu 
appreciate that typing systems, although able to dif- 
ferentiate among strains, may vary along a spectrum of 
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Figure 2 Enterobacterial intergenic consensus sequence 
I’CR products from B. cepacia strains of varied clinical 
isolates. Lancs 1 and 10: 100-kb stepwise ladder (Gibco 
RRL, Gaithersburg, USA). Lanes 2 to 9: pi-ofilec from 
varied clinical isolates. Lanes 3 and 9 represent two 
different isolates that have a common epidemiologic source. 
Lanes 4 and 8 represent two different isolates with a 
coninion epidemiologic source. 
discriminating power. In theory, individual techniques 
or combinations of techniques may have sufficient 
discriminatory ability to determine the earliest forms 
of evolutionary genetic drift. The techniques herein 
appear to have acceptable discriminatory ability. Due to 
the ease of performance, it would seem that the use of 
our techniques could serve as an initial screening 
methods for defining related clusters. 
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